
- I
mASTER CDP~ / 0 '8

EROSION, CONTROLLING IRRIGATION-INDUCED I]
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INTRODUCTION irrigation that minimize runoff and erosion for that event.
Systems should be designed and operated to minimize

Erosion is the greatest threat to agricultural sustainability over-irrigating some areas in order to adequately irrigate
Most irrigation is on fragile arid soils that have enormou~ others. In fun'Ow irrigation thi~ is ~ccomplished by reducing
crop yield potential when irrigated However that yield the length of furrows; managIng Inflow rates and advance
potential is easily lost if the thin ven~rof"topsoil" is eroded times, and .where possible, cutting back i~fl?w .rates once
(1). Erosion prevention on irrigated land is, arguably, more ~~off. begInS; ?r through use of s.urge ImgatlOn (~urge
important than on rainfed land. Yields from irrigated land Imgatlon.SO~e~l~es er~es near the Inlet. because of hIgher
are more than double those from non-irrigated land, with flows during lrutla~ pulsm~ of water). Sp~nkler systems can

nearly triple the crop value per h tare
(2) 1 dd' t ' reduce runoff wIth varIable rate emItters that match

ec . n a lIon, I.. .1 . fil . .firunoff and irrigation return flows (necessary in many surface lapp I~atlon rates to SOl m tratlon rates at SpeCI c field

... h ) d I. d. h . I ocatlons.
Imgatlon sc emes elver se Iment; uman, aruma andplant pathogens; nutrients and pesticides to downstream E:osi.on reduction fr?m improved s~heduling and
fields and riparian waters. These pollutants accumulate in appllc~tlon man~gement IS u~ua1~y proportIonal to runoff
runoff primarily as a result of erosion. reduction. Reducmg over applIcation also reduces pumping

costs and losses of applied nutrients and agri-chemicals. In
surface irrigation systems, where 20 to 40% runoff is often

IR ' required to achieve field application uniformity, erosion
C~~~~~O~R~SUNIQUE EROSION remediation can be integrated into water supply enhance-

T TICS ment by pumping sediment-laden drain water back onto
fields. This does not prevent erosion, but does replace most

Irrigation-induced erosion and rainfall-induced erosion of the eroded soil along with the saved water, for only the
result from the same physical and chemical processes. pump-back cost.

However, the processes come together and interact very
differently in each case (2-4). The magnitude of the
differences depends upon the type of irrigation system and METHODS OF CONTROL
on soil and water propertiesa. Briefly, the most important
differences stem from soil and water chemistry, wetting Conversion to Sprinklers
rate, water application and infiltration patterns, and, for
surface irrigation, absence of water drop impact. These One effective way to prevent irrigation-induced erosion is
factors are the basis for many erosion control practices conversion from surface to sprinkler irrigation. Again, the
unique to irrigation (4, 5 - 7). Since 1990, advances in soil conservation benefit from conversion to sprinklers
irrigation erosion control have resulted from improved derives from and is proportional to the reduction of runoff.
understanding of water quality and antecedent soil Sprinkler irrigation has higher technical, capital, energy
condition effects on erosion and from development of and infrastructure requirements than surface irrigation.
polyacrylamide (PAM) use. Therefore, sprinklers are used on only a small fraction of

The key to controlling erosion is controlling runoff. global irrigated area, whereas, nearly 60% of US irrigated
\ Runoff is controlled in two ways. It is minimized by land uses sprinklers. Properly designed and managed

scheduling irrigation to meet, but not exceed, crop water and sprinkler systems eliminate 100% of off site sediment
salt leaching requirements (i.e. avoid over-irrigation), and it losses. However, with sprinklers, there is a tendency to
is managed by using application rates during each scheduled extend irrigation to steeper slopes or otherwise more ero-

sive lands. On steep land, when sprinkler systems are poor-
.See Irrigation Erosion on page 742. Iy designed or managed, erosion can occur.
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Center pivots can cause erosion problems due to water Site Modification

running in wheel ruts, down steep slopes, or be~ause of Various "engineering" approaches have been used to

high application rates at outer reaches of the PIvot ~8), reduce field sediment losses from surface irrigation.

especially when using extendable boo.ms and h~gh The most common is use of settling basins. Large quiescent

volume end-guns to reach corners. ErosIon from hIgh pools to facilitate particulate settling from runoff collected

application areas, or where runoff concentrates, can be from fields up to 20 hectares are fairly typical. Settling

reduced using tillage, pitting and mulching between rows pond size depends upon the area served, rate and volume of

to increase surface roughness storage and reduce runoff runoff, sediment concentrations expected and particle size

(9-11). distribution. Small settling basins along the bottoms of

surface irrigated fields, serving a few rows per basin, are
Soil Protection and Tillage sometimes easier to manage at season's end, whe~ trapped

.. sediment can be spread back onto the field USIng farm

Many approaches developed to control ~amfall-I.nduced equipment. Big ponds require large scale equipmen~ for

erosion can prevent irrigation-induced erOSIon, partIcularly construction, cleaning and soil redistribution. For medlum-

under sprinklers, e.g. no-till and conservation tillage, whi~h textured soils about 60% of suspended mass entering

rely on crop residue to protect the soil surface: Y ~t, despIte settling ponds is retained. The non-retained soil is in the

typical erosion reductions> 90%: ofte~ wIth Increased clay size range (21). Since clay carries most of sediment's

yields (12), no-till and conservatIon tIllage are rarely adsorbed nutrient and chemical load, failure of ponds to

practiced by surface irrigators. Floating residu~ often retain clay impedes retention of agricultural chemical

migrates along and clogs irrigation furrows: ~as~mg out pollutants, despite the high percentage of sediment mass

adjacent beds and furrows, while. under-I.mgatIn~ the captured. Furthermore, effectiveness declines as ponds fill

blocked furrow. In basin flood irrigatIon, floatIng debns ~an with sediment, reducing water residence time. Another

interfere with water spreading, sometimes concentrat~ng variation on ponds is installation of buried drains and stand

initial flows, eroding some areas and ~lsewhe~e bury~ng pipes to regulate water level in tail ditches (22). The stand

emerging plants with sediment or debns. .No-tIlI farmIng pipes force ponding and prevent gradual concaving of fie~d

with furrow irrigation is further complIcated by ~rop tail ends. They do not, however, prevent loss into the dram

rotations that require different row (and furrow) spacIngs of sediment entrained in runoff from upper field reaches.

each season. . . Altering canopy configuration can reduce erosion.

Sojka et al. (13) demonstrated 60% reductIon m field Sojka et al. (23) halved field sediment loss using narrow or

sediment loss from furrow-irrigated potato.es th~t w~re twin row plantings. Water ran between closely placed

paratilled (subsoiled) following planting. SlIght YIeld. m- furrows, reducing irrigation duration (and runoff) and

creases and significant tuber grade impr?veme~ts. raI~ed allowing root systems and canopy debris to reduce soil

profitability under both furrow and spnnkler ImgatIon detachment in the furrow. Filter strip crops drilled at right

with paratilling (14). Because irri~ation assures crop water angles into the final three to six meters of furrow-irrigated

availability, yield benefits from. Improve.d. r~t ~e~elop- row crops also remove entrained sediments from ru.noff

ment are not consistently seen wIth subsollmg m Imgat.ed (6), but do not prevent sediment migration from field Inlet

crops (15). Subsoiling is practiced commonly wIth to tail end. Because filter strip management is a com-

sprinkler irrigation to enhance infiltration and decrease promise between two crops, yield from the strips is

runoff, thereby reducing erosion. However, farmers are typically half that expected for either crop alone.

cautious about subsoiling furrow-irrigated crops because

of the potential for irregular water flows in subsurface

cracks to interfere with irrigation uniformity. Field Water Properties

preparation or land forming practices that reduce water . ...

application uniformity or increase runoff, are avoided by Both the physical and chemical propertIes of Imgat~on

. . water affect erosion. Erosion is greatly reduced by reducIng

Im~~~~~~ mulch or growing sod in irrigated furrows sprinkler droplet size or energy (24, ~5) or by reduci~g

reduces erosion. Sod nearly eliminated runoff sediment stream flow in furrow~ (2~). Th.es~ physIcal changes requIre

(16). Straw mulching reduced sediment loss 52 to 71 % adjustments in applICatIon tImIng, furrow lengt~s ~d

(17 - 20). Drawbacks of these techniques relate to manage- irrigati~n du~ations to properly match water applIcatIon

ment of sodded furrows, the added operations and constraInts wIth crop wate~ needs. .

equipment needed to place straw, and debris migrating Water electrolyte chemIstry grea~ly affe~ts the erosI~e-

along and clogging mulched furrows. ness of irrigation water (27 -30). HIgh sodIum adsorptIon
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ratio (SAR) and low electrical conductivity (EC) contribute 8. Gilley, J.R.; Mielke, L.N. Conserving Energy With Low-
to soil aggregate detachment, disruption and dispersion of Pressure Center Pivots. J. Irrig. Drain. Div. ASCE. 1980, IIfi . .1 ' 1 . ff Th f~ f 1 EC 106 (1), 49-59.

ne pnmary SOl partlC es m runo. e elect 0 ow 9 A t d J S M ' II D E S .1 M t R d. . ., . ars a, ..; I er, .. 01 anagemen to e uce

and high SAR are synergistic. Increasmg electrolyte Runoff Under Center-Pivot Sprinkler Systems. J. Soil Water
concentration with a calcium source lowers SAR, shrinks Cons. 1973, 28 (1),171-173.
the ionic diffuse double layer around charged soil particles, 10. Kranz, W.L.; Eisenhauer, D.E. Sprinkler Irrigation Runoff
and prevents dispersion thereby maintaining aggregate and Erosion Control Using Interrow Tillage Techniques.

b' l ' d .. '. Th .. f Applied Eng. in Ag. 1990, 6 (6), 739-744.
sta Iity an resistIng erosion. e conjunctive use 0 11 01' , C A S . H k R J . Sh . U I fil '

d. . ., . Ivelra,..., an s, .., am, . n tratlon an
waters from different sources or the addition of calcium can Runoff as Affected by Pitting, Mulching and Sprinkler
raise EC and/or lower SAR to reduce erosion potential and Irrigation. Irr. Sci. 1987,8 (1), 49-64.
improve infiltration by stabilizing surface-soil structure. 12. Carter, D.L.; Berg, R.D. Crop Sequences and Conservation

Adding large polymeric compounds to irrigation water is Tillage to Controllrrig.ation Furrow Erosion and Increase
an effective erosion prevention technology (31-33). These Farmer Income. J. SoIl Water Conserv. 1991, 46 (12),

d h d 1. d . d ' l . 139-142.
c°rn.poun s, w en e Ivere .m. I.ute concen.tratlons 13. Sojka, R.E.; Westermann, D.T.; Brown, M.J.; Meek, B.D.
(typically 1 to 10 ppm) by the Imgatlon stream, Increase Zone-Subsoiling Effects on Infiltration, Runoff, Erosion,
aggregate stability and inter-aggregate cohesion as water and Yields of Furrow-Irrigated Potatoes. Soil & Till. Res.
infiltrates. Erosion reduction of95% is typical for application 1~3, 25 (4), 351-368. ..
of 1 to 2 kg ha -I per treated irrigation. Adoption has been 14. SoJ~a, R.E.; W esterm~n, D. T.; Kincaid, D.C.; Mc~a~n,

~ f ... . ed . b ' I.R., Halderson, J.L., Thornton, M. Zone-Subsollmg
greatest lor urrow Imgatlon erosion r uctlon, ut Interest Effects on Potato Yield and Grade. Am. Pot. J. 1993 70in extending the technology to sprinklers is growing, as much (6), 475-484. '

to improve infiltration uniformity as to reduce erosion 15. Aase, J.K.; Bjorneberg, D.L.; Sojka, R.E. Zone-Subsoiling
(34-36). The most successful class of polymers has been Relationships to Bulk Density, Cone Index, Infiltration,
anionic polyacrylamide (PAM), allowing safe, easy and Runoff and Erosion on a furrow Irrigated Soil. Trans.
f~. . ." 1 1.. f ASAE. 2001, 44 (3), 577-583.

e leCtlVee~s:onpreVentiOnIOr_s~sona applcatlonrateso 16. Cary, J.W. Irrigating Row Crops from Sod Furrows to
3 to 5 kg ha , or under $35 ha per season (37). Reduce Erosion. Soil Sci. Soc. Am. J. 1986, 50 (5),

1299-1302.
17. Aarstad, J.S.; Miller, D.E. Effects of Small Amounts of

Residue on Furrow Erosion. Soil Sci. Soc. Am. J. 1981,
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